Summary. The 
INTRODUCTION
Intra-uterine devices (IUDs) exert a contraceptive action in all species so far studied but do not affect the sexual cycle length in woman, monkey, pig or rat. They do cause shorter cycles in the ewe, cow, guinea-pig, water buffalo (re¬ viewed by Marston & Kelly, 1966; Kar, 1968) and goat (Gadgil, Collins & Buch, 1968 ). An IUD in the uterine horn on the same side as that on which ovulation occurs exerts a greater effect than when it is present in the opposite horn in the 500 . Janakiraman et al. guinea-pig (Ginther, Mahajan & Casida, 1966b) , ewe (Ginther, Pope & Casida, 1966c) and cow (Ginther, Woody, Janakiraman & Casida, 1966d ), but Gadgil et al. (1968) were unable to show a similar effect in the goat. IUDs have also been shown to influence pituitary gonadotrophic activity in the cow (Horie, Ishikura & Metsukawa, 1964a, b) , rabbit (Janakiraman & Casida, 1968) and ewe (Ginther, Hawk & Casida, 1966a) . In a preliminary study on water buffaloes, Buch, Shukla & Hawk (1964) and Buch & Shukla (1966) reported inhibition ofovulation in the presence of an IUD and noted few shorter oestrous cycles than normal but did not evaluate their observations statistically. Buch et al. (1964) also suggested that IUDs interfere with pituitary LH-activity but this theory was not tested.
The present experiments were planned to study the influence of IUDs on ovulation, oestrous cycle length and pituitary gonadotrophic activity and to evaluate whether the IUD action is directly exerted on the ovary adjacent to the uterine horn containing the device (ipsilateral or local effect) and/or on the opposite ovary (contralateral effect). An attempt was also made through these experiments to find out whether the IUD effect is mediated through the pituitary gland (systemic effect).
MATERIALS AND METHODS
Thirty-six, Surti buffalo heifers of 3 to 4 years of age and with a mean cycle length of 23-4 days were randomly divided into four equal groups. Group 1 consisted of control animals receiving sham operations in which similar surgical procedures to the treated groups were carried out and both uterine horns were incised in the anterior one-third and sutured. Heifers of Groups 2, 3 and 4 were fitted with IUDs in the uterine horn on the same side as that on which ovulation occurred (ipsilateral), in the opposite side (contralateral) and in both the uterine horns (bilateral).
The IUD, a polyethylene plastic coil of 4 cm in length and 2 cm outer diameter prepared as described by Buch et al. (1964) (Bhattacharya, 1968) . Palpation to detect the develop¬ ment of a follicle or corpus luteum (cl) was carried out three times a week from the first post-treatment oestrus. Apart from one control heifer which was slaughtered during the first post-treatment heat in order to complete the the experiment within the breeding season, heifers were slaughtered 30 hr after the second or subsequent post-treatment oestrus. It was necessary to make the exception since the seasonal variation in the female buffalo is more pronoun¬ ced than in the cow. Buffaloes show more sexual activity during the rainy season and cooler months than in hot weather (Bhattacharya, 1968 (b) Total follicular fluid weight: after the total weight was taken for (a), the cl, if present, was removed and the ovarian stroma was sliced into small pieces, blotted with filter paper and weighed. The difference between (a) and the weight of ovarian stroma together with the cl, was taken as the total follicular fluid weight. Uterine horns were inspected macroscopically for any pathologi¬ cal condition. The data were subjected to analysis of variance (Snedecor, 1961) and the group differences were tested by Duncan (Parlow, 1961 ) using 26-day-old Holtzman rats. Each gland was assayed separately in three doses of 0-15, 0-45 and 1-35 mg of powder using two rats per dose. Both ovaries were removed, cleaned and weighed and ascorbic acid was estimated by the method of Mindlin & Butler (1938) . Ascorbic acid content was adjusted for ovarian weight by co-variance analysis (Sakiz & Guillemin, 1963 
RESULTS

Oestrous cycle length
The control heifers had an average cycle length of 21-1 days and a mean pre-operative cycle length of 22-8 days. The difference between the pre-opera¬ tive and post-operative cycles was not significant, showing that there was no effect of the surgery itself on oestrous cycle length. The ipsilateral, contralateral and bilateral groups showed an average cycle length of 10-95, 11-60 and 11-53 days, respectively. These shorter cycles were significantly different (P< 0-01) from that of the control animals as well as that of the pre-treatment cycle length of the treated groups. (Mean pre-treatment cycle length was 23-8, 22-9 and 23-9 days for ipsilateral, contralateral and bilateral groups, respectively.)
The three IUD-treated groups did not, however, show any difference between themselves (Table 1) . Twenty-seven ipsilateral and seventeen contralateral cycles occurred after the insertion of an IUD (from treatment cycle to slaughter cycle). These cycles had respective mean lengths of 10-8 and 11-9 days and were not significantly different from each other. The mean cycle lengths of opera¬ tive (11-7 days) and post-operative (11-2 days) cycles were also not different from each other.
Ovulation
Clear-cut ovulations were observed in eight out of nine control heifers at slaughter and one heifer did not develop any follicle or cl. Six of the eight ovulations occurred in the right ovaries. One heifer ovulated in each of the ipsilateral and contralateral groups. In the ipsilateral group, the ovulation that occurred was on the non-IUD side. In the contralateral group, the ovula¬ tion was on the IUD side but the device was found to be in the uterine body and not in the cranial region of the horn. In the bilateral group, three heifers were found to have ovulated at slaughter. Two ovulated on the right side and in one of these the IUD had penetrated into the myometrium. In the other, it was IUD effect on buffalo reproduction K. Janakiraman et al. correctly sited. The third heifer ovulated on the left side and the IUD was in place. Rectal palpation data for the pre-slaughter cycle(s) indicated that IUD heifers did develop large follicles which were luteinized and hard to feel but those structures subsequently regressed without ovulation. There were eight ovulations in the treated groups in the pre-slaughter cycles but the cl (mean cl size for treated groups was 10-4 mm against 10-8 mm for control group) regressed prematurely leading to shorter cycles. These results were in support of the preliminary work (Buch et al., 1964) .
Ovarian characteristics
There was no significant difference between the groups in total ovarian stroma and follicular fluid weight ( Pituitary gonadotrophic activity Anterior pituitary gland weights did not differ significantly and it was assumed that relative gonadotrophin activities reflect total gland content. Within each of the four treatment groups, there was a linear regression of ovarian ascorbic acid content on dose (P<0-01) with no significant quadratic component, lh activity, the inverse of the ascorbic acid content (Table 2) , was not significantly different between the treatment groups, fsh activity, as indicated by the test rat ovarian weight, was highest in the control animals, but again the difference was not significant (Table 2 ). All treatment groups had average ovarian responses which were higher than the 40-mg group and lower than the 160-mg group used in defining the standard curve.
DISCUSSION
The action of an IUD varies from one species to another, although its contracep¬ tive end result is uniform in all species studied. IUDs did not have any effect on the cycle length of the laboratory animals studied, except in guinea-pigs. However, these devices bring about an earlier regression of the cl in the ewe when present in the horn adjacent to the ovary containing the cl than when present in the opposite horn (Ginther et al., 1966c) . In the cow, oestrous cycles were shortened (Yamauchi & Nakahara, 1958) and the IUD action was more pronounced when placed ipsilaterally (Ginther et al., 1966d) . Shorter cycles, not significantly different from those of controls, were reported by Buch & Shukla (1966) (Gerrits & Hawk, 1966) . The present data clearly indicate that IUDs inserted ipsilaterally, contralaterally or bilaterally into the anterior third of the uterine horns of Surti buffalo heifers shorten the mean oestrous cycle length to nearly half that of the control heifers.
IUDs were also shown to affect ovulation. Delayed ovulation in the rabbit due to late or diminished release of lh (Janakiraman & Casida, 1968) , failure of ovulation in four out of eighteen Holstein heifers (Hawk, Conely, Brinsfield & Righter, 1964) and complete blockage of ovulation in Surti buffalo heifers (Buch et al., 1964) in the presence of an IUD have been reported. The present study strongly indicated that twenty-two out of twenty-seven heifers with IUDs had not ovulated at the time of slaughter. The time of slaughter was based on the average time of ovulation, detected by rectal palpation at 6-hourly intervals, of fourteen heifers for seventeen heats. The average time of ovulation of these heifers was 24-6 hr since the exhibition of heat (range, 21 to 30 hr). There was no ovulation in 81-5% of the treated heifers as against the 100% in the previous experiment (Buch et al., 1964) . This difference could be mostly attributed to the larger size of the sample involved in the present experiment. Evaluation of ovulation data in the preliminary study was only based on rectal palpations whereas in the present study, the evaluation was also based on visual assessment at slaughter.
There are few direct studies concerning the interference of pituitary gonado¬ trophic activity by IUDs. Janakiraman & Casida (1968) reported that lh activity 11 hr after mating was higher in rabbits fitted with IUDs than in controls. Bhalla, Memon, Woody & Casida (1969) (Doyle & Margolis, 1966; Marston & Kelly, 1969) .
